Abstract. Most previous studies are based on one year data, it is insignificant and not enough to demonstrate the correlation between land use change and water quality. Such studies have also focused on a single buffer zone, whose influence on water quality is minor compared with that of different buffer zones. According to the above-mentioned problems, we chose Meiliang Bay of Taihu Basin in China as the study area. Meiliang Bay was one of the Taihu lake divisions that faced with serious eutrophication problem, and algae blooms happened from 1987. Five buffer zones were established within 10km catchment along the lakeshore. The relationship between land use and water quality was identified with an exponential model based on 10 year data from 1995 to 2006(data of 1996, 1997 were missing). At last, we analyzed the difference among buffer zones. Finding that the effects of land use types on water quality mainly reflected in 2km and 4km buffer zones, and the effects of spatial patterns mainly reflected in 8km buffer zone. And we also found that the critical factors had a big difference in each buffer, constructed land and farm land were always the critical factors in buffer 2 and buffer 3, but it did not always happen in other buffers. Moreover, this study could also provide practical basis for the critical lake conservation region identification and recognition.
Introduction
The rapid economic development and the accelerated urbanization in recent decades have resulted in the serious degradation of water quality in China, where the deterioration of lake water quality is a typical environmental problem. In particular, the deterioration of lake water quality in Lake Taihu Basin, as a region with a relatively developed economy and high land use intensity, is rather serious. http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: 10.15666/aeer/1303_639653  2015, ALÖKI Kft., Budapest, Hungary A significant correlation exists between land use and water quality (Solbe, 1986; Mander et al., 1998; Su et al., 2012; Wan et al., 2014) , and this correlation is influenced by land use types and their spatial patterns. Extensive research has been conducted on the relationship between land use and water quality in the watershed scale (Jun, 2011; Seeboonruang, 2012; Jun, 2013) . Seeboonruang (2012) found that different land use types have different effects on water quality. Basnyat (1999) and Wang (2001) found that industrial land and agricultural land decrease water environment quality and forest land and grassland have a negative influence on water pollutant concentration. Silva and Williams (2001) found that urban area and residential land have larger influence on water chemistry than other land classes. Conversely, Tong and Chen (2002) found that forest land contains lower inorganic ions and plays an important role in relieving the degradation of water quality. Silva and Williams (2001) found that farm land greatly influences the concentrations of NO 3-and SO4 2- . In the watershed scale, considerable research has confirmed the correlation between land use and water quality (Hanratty and Stefan, 1998; Brezonik and Stadelmann, 2002) , but a controversy exists on the effect of land use on water quality in different buffers. Jun and Xia (2008) considered that a significant difference exists on the relationship between land use and water quality among different buffers. They found that Farm Land significantly, negatively influences the specific conductance (SC) concentration in the watershed scale but significantly, positively affects the SC concentration in 200m buffer. Sawyer (2004) found that the land use in 30m buffer has larger influence on water quality than the whole watershed for it has better correlation between the buffer and water biological community structure change. However, Hunsaker and Levine (1995) found that the correlation between land use and water quality in the watershed scale is stronger than in 200m or 400m buffer. Similarly, Silva and Williams (2001) showed that the effect of land use change on water quality in the watershed scale is stronger than in 100m buffer. By contrast, Xiang (1995) found that land use has a significant influence on water quality only in 8m to 175m buffer.
These inconsistent conclusions are attributed to various reasons. First, land use pattern is of great difference in various research regions. Second, the use of different water quality indices may contribute to diverse results. Nevertheless, studies have agreed that the effect of land use on water quality varies in different buffers (Hanratty and Stefan, 1998; Amiri et al., 2009; Guo et al., 2010; Jun, 2011) . Numerous previous studies, however, have used a single buffer as the research region, making no in-depth comparative analysis of the effect of land use on water quality in different buffers. Many studies are also based on one year data, but the land use change in a year is insignificant and is not enough to illustrate the relationship between land use change and water quality (Hanratty and Stefan, 1998; Sawyer et al., 2004; Guo, 2010) . To solve these problems, the current article is based on multiple buffers and multiple time series data of land use. Furthermore, we use a stepwise regression model to show the correlation between land use and water quality in different buffer zones.
Our objectives are (1) to identify the critical factors in different buffer zones and (2) to determine the differences among buffer zones on land use change and water quality. 
Materials and Methods

Study Area
Taihu Basin is a region with the most concentrated population, the most developed economy, the most intensive industry, and a high urbanization level in China. Algal bloom has occurred frequently in this area, particularly in Lake Meiliang (Ma, 2008) , in recent years. The degradation of Lake Taihu water quality is rather serious. The algal bloom outbreak in Lake Meiliang in 2007 led to water crisis that affected more than 200 people in Wuxi, caused great economic losses, and generated extensive concern from society.
Given that 10km area of Meiliang lakeshore is located in Lake Taihu Basin, we chose this lakeshore as the study area to compare the land use effects on water quality among different distances (Figure 1.) . The study area was divided into five buffers, namely, 2km (buffer1), 4km (buffer 2), 6km (buffer 3), 8km (buffer 4), and 10km (buffer 5). 
Land Use Classification
Land use data were extracted through a 30m TM image by object-oriented method interpretation. The data were from 1995 to 2006 (1996 and 1997 Land use change includes the change of land use types and spatial patterns. Area percentage was used to characterize the change of land use type, and landscape indices were used to characterize the change of spatial pattern. Fragsats 3.0 software was used to extract the representative indicators, Shannon diversity index (SHDI), Shannon evenness index (SHEI), and fractal dimension (FRACT). SHDI reflects the landscape heterogeneity, is especially sensitive to the unbalanced distribution of various patches, and reflects the complexity and variability of all kinds of patches. SHEI reflects the homogeneous degree of landscape component distribution. FRACT is a measure of complex shape irregularity.
Determination of Water Quality Indicators
The main land use types are CL, FL, and WL, and the main components of the land runoff pollutants included total nitrogen (TN), total phosphorus (TP), NH_3-N, and dissolved oxygen (DO) (Basnyat et al., 2000; Bhaduri et al., 2000) . The monthly average monitoring data used were from the Taihu Basin authority. Five monitoring stations locate in Lake Meiliang (Figure 2. ). The data on water quality were scattered points, and the average value was acquired. We selected five water quality indicators, namely, TN, TP, NH_3-N, DO, and chemical oxygen demand (COD). 
Building a Correlated Model of Land Use and Water Quality
The land use indicators included six land use types, i.e., the area proportions of Original Forest, Artificial Forest, Constructed Land, Wet Land, Farm Land, and Other Land, and three landscape parameters, namely, SHDI, SHEI, and FRACT. Considering that the exponential model can accurately represent the effect of land use pattern on water quality (Basnyat et al., 2000) , we also use this model to build the relationship between land use and water quality. The expression is as follows:
Where a is constant, and b1, …, b9 are the coefficients that depict the direction and strength of the relationship between land use indicators and WQI i . When the value of b is negative, this land use type or landscape index has a negative effect on water quality. When the value of b is positive, this land use type or landscape index has a positive effect on water quality. We modeled the relationship between land use and water quality in each buffer using the stepwise regression method. The correlation coefficient (R 2 ) was used to compare the correlation between land use and water quality in different buffer zones.
Results
Land Use Characteristic
Six land use types were classified in this study. The land use change from 1995 to 2006 mainly embodied in the following three land use types: (1) the area of CL had increased rapidly, especially in the north of Lake Meiliang from 1995 to 2000; (2) the area of FL decreased fast in the northwest of the study area and was fragile; (3) OF was increasingly fragile, especially in the west of Lake Meiliang. The land use change was analyzed in details on two sides, namely, the change of proportions of land use types and the landscape index in different buffer zones.
With the increase of buffer distance, the change of the proportion of land use type was manifested in two main classes, namely, Constructed Land and Farm Land. However, Farm Land changed mainly because of Constructed Land; thus, we selected only Constructed Land for analysis. From Figure 4 we can see that, Constructed Land expanded in each buffer, but a significant difference was found in various buffers, as well as in different years. For example, a proportion of CL increased by 13.27% in buffers 1 to 4 but decreased by 9.16% in buffers 4 and 5 ( As the change of time, FRACT value indicated a gradually upward trend in buffers 1 and 2 and an irregular fluctuation in buffers 3 to 5 ( Figure 5(a) ). FRACT values in buffers 4 and 5 were higher than other buffers. The minimum value distribution differed with time. For example, the minimum value in buffer 1 was about 1.15, but it was 1.42 in buffer 3 and 1.3 in buffer 2. The symbols of SHDI in all buffers were two "V"-shaped curves ( Figure 5(b) ). 
Change of Water Quality
In this article, we chose five indicators (Figure 6 ) to analyze the change of water quality in Lake Meiliang. The levels of TN, TP, COD, NH_3-N, and DO were over the national grade V (according to GB3838-2002 by EPA of China, 2002), and the degradation of water quality was serious (Figure 6(a) ). The variability of these parameters in different years was remarkable. 
. Changes in the surface water quality of COD, NH_3-N, DO, TN, and TP in Lake Meiliang. Figure 6(a) is the results of COD, NH _ 3-N, DO and Figure 6(b) is the results of TP and TN
Relationship between Land Use and Water Quality
In this article, we used R 2 to indicate the relationship between land use and water quality in various buffer zones ( Figure 7 ) (Sliva, 2001 Regarding the correlation between the specific factors of land use and water quality, this study considered TN as an example. The land use factors that had a significant effect on water quality differed in various buffer zones ( Table 1) . Original Forest, Artificial Forest, Constructed Land, and Wet Land had a significant correlation with TN in buffer 1, but only Constructed Land and Wet Land had a significant correlation with TN in buffer 2. Farm Land and the SHDI of spatial pattern had a significant effect on TN. The correlation between land use types and TN decreased in buffer 4, where only Wet Land, Original Land, and FRACT had a significant correlation with TN. Buffer 5 was almost similar to buffer 4, where Farm Land had a significant effect on TN. 
Discussions
Critical Factors in Each Buffer
The critical factors in each buffer are the land use indicators that significantly affect water quality. Land use has a positive (expressed as a "+") and negative (expressed as a "−") effect on water quality. With the increase of buffer zones, the critical factors vary.
Critical factors have two kinds, namely, land use types and landscape indices. Land use type had a significant effect on water quality in buffer 1, where Wet Land, Farm Land, and Original Forest were the critical factors ( Table 1 ). Figure 3 This land use type is located in the east of Wuxi and directly connected to Lake Meiliang. The pollutants could easily flow into the lake through water, and Original Forest hardly controlled them. Except for TN and TP, other water quality indicators were affected by the land use types on both positive and negative sides.
Wet Land, Farm Land, and Constructed Land were the critical factors in buffer 2. Wet Land had a significant, negative effect on the water quality indicators in buffer 2, such as COD, NH_3-N, and TN. Farm Land and Constructed Land had a significant, positive effect on water quality and released pollutants, whereas Wet Land diluted and adsorbed such pollutants.
Compared with buffer 2, the effects of land use types on water quality decreased in buffer 3 and mainly acted as negative effects. Original Forest, Farm Land, and Constructed Land were the critical factors in buffer 3. Original Forest had the most significant effect on water quality and had a negative effect on COD, NH_3-N, and TN. The area of Original Forest is the largest among all the land use types and distributed along the lakeshore and could have a cushion for the pollutants from Farm Land and Constructed Land. The critical factors in buffer 4 are Constructed Land, Wet Land, and Original Land. Among them, Other Land had the most significant effect on water quality. Other Land had a negative effect on TP, COD, and NH_3-N and a positive effect on TN and DO. Buffer 5 was similar to buffer 4, where Other Land had a positive effect on NH_3-N, DO, and TN.
The critical factors of spatial patterns varied in different buffer zones. The number of critical factors increased with increasing buffer zones. For example, only one critical factor was found in buffer 1, but approximately two critical factors were found in buffers 2 to 5 ( Table 1) . FRACT was the only critical factor that had a significant effect on water quality in buffer 1. SHEI and FRACT had a critical effect on water quality in buffer 2, and the critical factors in buffers 3 to 5 were FRACT, SHDI, and SHEI. The reason for this result was that more land use types exist in buffers 3 to 5 than in buffers 1 and 2 ( Figure 3) . Farm Land and Constructed Land were the main land use types in buffers 3 to 5, and the land use change mainly reflected on Farm Land and Constructed Land. The change of land use would result in the change of spatial patterns, which would cause water quality degradation indirectly.
Comparison among Different Buffers on the Effect of Land Use on Water Quality
This study found that Farm Land had a significant, positive effect on COD and TN and that Constructed Land had a significant, positive effect on NH_3-N and DO at the watershed scale ( Table 1) . Sonzogni (1980) showed that the concentrations of COD, TP, and TN from intensive agriculture and urban areas were normally 10 times to 100 times greater than those from forested and idle lands; the pollutants from these land use types would constantly flow into the lake, which would result in the degradation of water quality. Bannerman et al. (1993) and Tong and Chen (2002) found that Constructed Land areas, including commercial, industrial, street, and high-density residential land, were the main pollutant sources. Similarly, Guo (2010) With the change of buffer zones, the correlation between land use and water quality varies. Original Forest had a significant, positive effect on COD in buffer 1, but this effect was not found in buffers 2 to 5 ( Table 1) . Original Forest had both positive and negative effects on the water quality indicators in buffers 1 and 2, but it only had a negative effect in buffers 3 to 5. Original Forest had a significant, negative effect on COD, NH_3-N, and TN in buffer 3. Farm Land had a positive correlation with Dissolved Oxygen in buffers 1 and 2, but this correlation did not exist in buffers 3 to 5. Constructed Land had a positive influence on NH_3-N, TN, and TP in buffer 1, but it had a significant effect on no more than two water quality indicators in the other buffer zones.
We used only one water quality indicator to analyze the difference of the effects of land use types on water quality among buffer zones. As TN is an important indicator that can significantly affect the degradation of water quality, we used TN to analyze the change on the relationship between land use and water quality. As shown in Table 1 , TN was only significantly affected by Constructed Land in buffers 1 and 2, by Farm Land in buffer 3, and by Wet Land in all buffers.
The land use classification results ( Figure 3) indicate that Original Forest, Wet Land, and Farm Land are the main land use types in buffer 1. Given Original Forest is distributed along the lakeshore and had a negative effect on water quality, this land use type could act as a buffer zone of pollutants and help protect the water quality of Lake Taihu. Farm Land, Constructed Land, Wet Land, and Original Forest exist in buffer 2, of which Farm Land and Original Forest are the main classes. As Farm Land had a significant, positive effect on water quality, the pollutants from Farm Land could flow into lake when farming activity is frequent and the use of fertilizer is unreasonable. The main land use types in buffers 3, 4, and 5 are Constructed Land, Farm Land, and Original Forest, of which the first two classes mainly had a positive effect on water quality. Although Farm Land had larger area than other classes, Constructed Land could produce a large amount of pollutants and had such a great influence on water quality as Farm Land.
Spatial patterns also affect water quality. They had an insignificant effect on water quality in buffers 1 and 2. Only FRACT had a significant, negative effect on TN. This finding might be related to the restriction of land use by the local government along the lakeshore. However, the effect of spatial pattern on water quality reached peak in buffer 3, and SHDI was the landscape index that had the most significant effect on water quality. With the diversity of land use in buffer 3, and given that this buffer zone is located in the water source protection zone set by the local government, the indicator of spatial pattern mainly had a negative effect on water quality. SHDI, FRACT, and SHEI were the critical factors in buffers 4 and 5. SHDI had a significant, positive effect on COD, and SHEI and FRACT significantly affected TP. The reason for such effects was that the proportion of Farm Land and Constructed Land increased, as well as the amount of pollutants. The land use intensity was also high and could play an important role in enhancing the effect of spatial pattern. http Overall, the effect of land use type on water quality mainly reflected in buffers 1 and 2, and the effect of spatial pattern mainly reflected in buffers 3 to 5.
Conclusions
In this study, we model the relationship between multi-temporal land use data and the corresponding water quality within 10km land area to explore the effect of land use change on the water quality of Lake Meiliang. The 10km land scope was divided into five buffer zones. We studied the differences of the effect of land use change on water quality among different buffer zones and identified the critical factors in each buffer zone.
This study indicated that land use types and spatial patterns greatly affect water quality and that a significant difference exists in different buffer zones. The effects of land use types on water quality mainly reflected in buffers 1 and 2, and the effects of spatial patterns mainly reflected in buffers 4 and 5. We found that (1) the proportions of Farm Land and Original Forest were the critical factors in buffers 1 to 3, (2) the proportion of Wet Land was the critical factor in buffers 1, 2, 4, and 5, (3) the proportion of CL was the critical factor in buffers 2 to 5, (4) the effect of spatial pattern reached peak in buffer 3, and SHDI, SHEI, and FRACT were the critical factors in buffers 3 to 5. Our study indicated that the identification of the effective buffer zones could provide new information and ideas for planning and management.
